Introduction
Nitrous oxide (N 2 O) is a potential greenhouse gas and a catalyst destructing ozone layer in the stratosphere that emitted from agricultural land after applying compost and/or chemical fertilizer through nitrification and denitrification (Singh and Tyagi, 2009) . The global warming potential of N 2 O is 298 times greater than CO 2 based on a 100 yr time horizon (IPCC, 2007) . Agricultural activity is one of the biggest anthropogenic sources of N 2 O emission, 2.8 Tg N yr -1 out of total 6.7 Tg N yr -1 (Singh and Tyagi, 2009) . Atmospheric N 2 O is increasing at a rate of 0.2~0.3% per year probably due to anthropogenic emissions (Saggar et al., 2009 ). Nitrous oxide is produced in soil as a by-product of nitrification and intermediate of denitrification by the microbial activity (Freney, 1997; Singh and Tyagi, 2009) . Ammonia produced from chemical fertilizer or compost could be oxidized to nitrate through nitrification. Under anaerobic condition, nitrate could be reduced to nitrous oxide in the course of denitrification. The default value for N 2 O emission factor has been changed from 0.0125 to 0.01 (IPCC, 2006) of N applied to the agricultural fields.
Organic farming has rapidly increased in response to consumer's preference to safe food, farmer's desire to live in a clean environment, and government's policy to reduce fertilizers use. In Korea, certified number of farms, area, and products for organic farming increased from 442, 450 ha, and 10,672 Mg in 2001 to 9,403, 13,343 ha, and 108,810 Mg in 2009 , respectively (National Agricultural Products Quality Management Service, 2010 . In Gangwon province, the number of farms, area, and products increased from 62, 66 ha, and 1,391 Mg in 2001 to 851, 1,281 ha, and 14,551 Mg in 2009, respectively (National Agricultural Products Quality Management Service, 2010) .
Livestock compost has been used to supply nutrients to crops instead of chemical fertilizers in organic farming . Therefore, the objective of this study was to compare N 2 O emission from livestock compost applied upland field with that for chemical fertilizer, urea by cultivating Chinese cabbage mg kg Table 2 . Chemical composition of the livestock compost used in the study. (Brassica campestris L.) in spring and autumn for two years.
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Materials and Methods
The study was conducted at the Gangwon Agricultural Research & Extension Services field in Chuncheon (N 37°57′15.9″ E 127°46′26.6″), Gangwon-do from 2009 to 2010. The soil in the field is classified to Yonggye series (fine loamy, mixed, mesic Typic Dystrudepts) and the selected physic-chemical properties of the soil are shown in Table 1 . Chinese cabbage was cultivated twice a year, spring and autumn with application of livestock compost or nitrogen fertilizer, urea. Chemical composition of the compost on wet weight basis is shown in Table 2 .
The application rate of the livestock compost was determined by standard nitrogen fertilization rate for Chinese cabbage, 320 kg ha -1 and nitrogen content of the compost, 15 g kg -1
. All the amount of the livestock compost was applied before transplanting while urea was split applied before transplanting and during the cultivation. To examine the effect of over-fertilization on N 2 O emissions, twice amount of the livestock compost or urea was also incorporated into the soil of the field. Lee et al. (2006) reported that some organic farmers applied greater amounts of livestock compost than recommended level. Nitrous oxide emissions from livestock compost were compared with those from conventional chemical fertilizer, urea.
Nitrous oxide was collected using static chambers, the most commonly used tools worldwide Kim et al., 2008; Saggar et al., 2009; Kim et al., 2010) , and determined by a gas chromatograph (Varian GC 450) with ECD. Gas samples were taken twice a week. Parkin (2008) reported that sampling at 1~4 d intervals resulted in cumulative N 2 O emissions with a precision of ±10% compared with ±14% for 3~7 d intervals. Flux of N 2 O was calculated using the following equation (Shin et al., 2003; Kim et al., 2008; Kim et al., 2010) : chamber (℃) plus 273. Mean air temperature and precipitation during the study period are shown in Fig. 1 and Fig. 2 , respectively. The mean air temperature was 10.3℃, which is 0.6℃ below the normal data (1970~2000). The annual precipitation in 2009 and 2010 was 1,781 mm and 1,634 mm, respectively, about 500 mm higher than normal data, 1,266 mm.
Results and Discussion
Nitrous oxide emission pattern from the experimental site in 2009 and 2010 is shown in Fig. 3 . (Fig. 4) . As a result, N 2 O emission factors for livestock compost treatment were 0.0029 in spring and 0.0058 in autumn compared with 0.0040 in spring and 0.0030 in autumn for chemical fertilizer application (Table 3) (Fig. 4) . (Fig. 5) . As a result, N 2 O emission factor for livestock compost, 0.0030 for autumn and 0.0066 for spring, was also slightly greater than that of chemical fertilizer, 0.0019 for autumn and 0.0041 for spring (Table 3) . Slightly greater N 2 O emission factor for livestock compost than that for chemical fertilizer is possibly due to lump application of livestock compost before crop cultivation compared with split application of chemical fertilizers and enhanced denitrification activity through increased carbon availability by organic matter in livestock compost. Kim et al. (2008) showed that mineral nitrogen level in soil greatly affected N 2 O emission from pepper cultivated soils. Barton and Schipper (2001) reported that increased carbon availability by organic matter in livestock compost can attribute to enhanced denitrification activity. A laboratory study showed 100~300 g N 2 O-N ha -1 during 16 days after applying pig slurry at a rate of 50 Mg ha -1 (Sommer et al., 1996) .
Conclusion
Accumulated N 2 O emission during cultivation of Chinese cabbage for livestock compost amendment (1.0~1.9 kg N 2 O-N ha -1 ) was slightly greater than that for chemical fertilizer treatment (0.8-1.5 kg N 2 O-N ha -1 ). As a result, N 2 O emission factors for livestock compost application (0.0029~0.0066) were slightly greater than those for chemical fertilizer treatment (0.0019-0.0041). Since environment factors including temperature and precipitation greatly affect greenhouse gas emissions from soils, N 2 O emission data should be collected more than three years to develop N 2 O emission factor.
